Social network analysis has become a valuable tool for the measurement of social bonds and can give insight into the level of social complexity in a species. However, most studies have focused on a single social group or community, and we have a rather limited understanding of the extent to which a species' network structure varies across groups and across habitats. We investigated the strength and structure of social bonds in feral goat groups in two geographical locations that differ in ecological and climatic conditions. We found that a range of strengths of social bonds existed between female goats, with behavioural and spatial measures being highly correlated. Levels of aggression between spatially proximate individuals reflected the intrinsic costs of social living, but lower rates between more strongly bonded individuals indicated a degree of social tolerance. We found a consistent social structure despite differences in demography and ecology and we propose that associations are driven by social benefits as well as by ecological requirements. We suggest that a clique size of 12e13 individuals may be optimal for goats; beyond this threshold, the system may be less stable and susceptible to fission. Ó
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Social bonds between individuals are at the heart of the evolution and maintenance of social groups, yet have received relatively little attention from modern behavioural ecologists (Dunbar & Shultz 2010) . Indeed the term 'friendship' has only recently become generally accepted among primatologists (Silk 2002). While a wealth of studies report strong social bonds between individuals belonging to a wide range of species (see Dagg 2011 for a review), we currently lack suitable indices to compare the nature and strength of these bonds both within and between species (Dunbar & Shultz 2010). It has been suggested that social network analysis might provide a key tool for addressing questions concerning the evolution of social organization (Krause et al. 2007) . In this study we used it in a single species, the feral goat, across two populations and three social groups to investigate the nature of social bonds in this species.
Goats live in loose matrilineal social groups (heft groups), with levels of sexual segregation varying throughout the year owing to sex differences in activity patterns and feeding requirements (Dunbar & Shi 2008) . Three types of social group exist: female-only groups, male-only groups and mixed-sex groups. Female-only groups are the most commonly observed (Shi et al. 2005) . On average, the composition of a group changes approximately once an hour (Dunbar et al. 1990 ); hence fission or fusion events occur continually. Although there has been little research on social bonds in goats, there is some indication that social bonds do exist: Schino (1998) showed that, in domestic goats, reconciliation (measured by affiliative behaviour and proximity) occurred after experimentally induced conflicts. Such behaviour would only be expected where long-term relationships that required repair existed in the first place. However, social vigilance levels in goats have been shown to be significantly lower than in both the well-bonded polygamous gelada baboon, Theropithecus gelada, and the monogamous klipspringer, Oreotragus oreotragus (Dunbar & Shultz 2010); if social vigilance levels are a true measure of bondedness, goats would appear to score very low. The key question is therefore this: are goat groups merely aggregations of individuals with similar nutritional demands, with individuals distributing themselves as a response to the shifting balance of the costs and benefits of group membership (Krause & Ruxton 2002)? Or are there preferred relationships that are maintained alongside other requirements?
To determine whether social bonds exist in goats and to assess their level of complexity, we used two behaviours (affiliative approaches and maintaining proximity) as indices of association. We also looked at displacement networks to investigate the costs associated with social bonds in goats: a more highly sociable individual may suffer from increased levels of aggression, which may be a key factor in the choice of spatial location in a group. To investigate optimal group size, we used the GirvaneNewman
